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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a 
semiconductor element and a solar battery at a low 
cost which have high efficiency, safety and long life. 

SOLUTION: In this semiconductor element, a 
compound semiconductor layer containing nitride 
based compound semiconductor composed of at 



least one element selected out of at least Al, Ga 
and In, and nitrogen element is formed as a window 
layer on a semiconductor substrate. In this solar 
battery, a compound semiconductor layer containing 
nitride based compound semiconductor expressed 
by a composition formula AIXGaYlnZNW, where X, Y, 
Z and W show composition ratio, and satisfy 
0.8^(X+Y+Z)AA/^1.2 and 0.1^Z/(X+Y+Z)^1 .0 is 
formed on a semiconductor substrate. 
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(57) 

0. 8 g (X + Y + Z) /W^1. 2. ftO, 0. 1^ 
Z/ (X + Y + Z) ^ 1 . 0SsW£rci*1Wttt5 



m&m 1 ] ¥tg<*g«LtlC 'M<ttAI. G a 

mm tLTBi&Ltcztz&m tr^mwrn^ 

j\a?y7zm%o. i ~4 o a t om%^mt^>m^.m 
i Kimo^mwm^o 

mMta®*mtomtj\ c, s\, GeMsn 

fro, H5IB<b^*!B¥*^*i\ Be. Mg, Ca, Zn 
liA s 3b^4<D^-rn3bHcIB«6©^ 

i ned&ipnjieiir sum i *> n s 8 ©i^-rn 

JbHc|BS<D¥*(*^o 

iimmi 1] buIbi nmm<Dmtezm$i<Dmtj\ ft 

1 0lcfB«©¥«f*^To 

tl^tu C, Si, GejfctfSnfrt>jg#?;Jrft£>1J-X± 
£>7u^t£^^ fro. MIB^F^^lc^^ti^SulBTc*© 

[M*q!i3] MIBft^^ftgSWSgA\ f 

tl^tl. Be. Mg, Ca, Z n&tf S r fr ^iiHR^rtl 
5 1 £Lt<D7EJR&33*, fro. BuIB*F^lc#$tl^HU 
IB5tiH<D3Ig*i\ HulB<b^%)^f*Stc^$n^BOI3^ 
«(D;I)gcfe U filing* 9 fr 6 1 1 W?tlt>Hctm<D 



[liScJll 5] *#1*S«5±IC. SBfiEitfrA I xGay 

^¥^$«U IX, Y, Z&tfWliSll&it^Sl 
U 0. 8 < (X + Y + Z) /W^l. 2, fro. 0. 

i^z/ (x + y + z) si. ozmtcTztzmmt 

[W^jsi 6] ««±tc, 'j>K<t*>. m&jZ&A i 
xi g a yi i nnNmT^^Bitmmt^mm^ 
^r^it^wm»m. a i X2G a Y 2 i 

n Z2NW2T-^* tX^^b*i3^b^!}5Z)^<*^^Wr^<b 
^»i£jW*Jl:gC<Dlt«C*U iulBX 1 , Y 1 Rlf Z 1 
tifflfltlt**U 0. 6^Z1/ (X1+Y1+Z1) 
^ 1 . O^^fcU buIBX2, Y2&t/Z2li$fi/£1±£ 
SU 0^Z2/ (X2 + Y2 + Z2) ^0. 9 £;35fc 
U fro. Z 1 &*>*Z2frZ2^Z l ^Sifcrct*^ 

[000 1] 

[^B^oM-r-se^s] s*5±K#95t&{b 
jfeicin-r*. 

[0 0 0 2] 

[<ififc<D#ffi] ft^ttSTOffl^frSMciTfc) 
fr £ < AltfT 5Ct MIT'SS. il^<D¥#flsS 

[0003] ^(Dtctb^m^mmt^mw^^ 
^m<D9txmmmm7:i5^<Dt}<m^ l < , ins a - 

S i C x tfS£4>&ft <h LTJUg^tlTt^o LfrU 
a-S i C x(iCiffl^*fi^<^^{J<i:Rl^7 l c<Digiii^6 ,; 

ttlC3tt¥:?-fy7#2. OeV«± (6 2 

[0 0 0 4] MIC ^^ffi^fcTt^mmx^U^ 



¥#Wi%<, *KH75$SWX*;U=P-fDSt.3i^5 0 0 

[0 0 0 5] SiftSlcffiffl?**?* K/OK4f+yr 
tlTt**. LfrLfttfS. C©*£»*-e»3fc*f*»*tt 

3"r7»wfi*»^i o o ottu?Haw8*nfe* 

mt<DWmiCG a N-¥>A I N^ZnOA777lf*IS 

TSili: # T ; * ft l^tf ®hii#& o /Co 
[0 0 0 6] —77. jfiifk ife^M^COz^iiJlPlC 

ftx*/l/*-fl!>59M«S< fcftl LT33 y . 4>Tfc*P§m 
iJ§Ii:tfjl5*i0i^;l/f-5|iJfflT'$^ 

H • ^Afi-> 'nvSfeWWKil^G a A s ^ I nPfff) 
lll-vaHk^*W»K***IWtift#*«<b**iTt'» 
I*/U=£-£flKD* y->fblC§-5.TS/i:«>tf:Hu 

[0 0 0 7] ±SELfcay, ftX^jb^-OM'MHE 

zf&.±o)JLZ)V¥-im*Mmmiz <fc y «*<t ft*= & 

of ySEg^glcft+xlift^iaiix^^^-ti^ft^D 
TSCilcft-So ±^ftcox^ HWi*M^tt<»:ife± 
TtiSfti.taxTX t(omm^)^-(D^-<7[t4 o 

0~6 0 0nm (^'fyyiUS. 5~2. 5e 
V ) tc&£ 0 £A -> y =l Vteft^*'* 7#1 . 1 e 
V, G a A s li 1 . 4 e VT\ ^tl^'tl^1 1 1 0 0 n m 
t886n mlcffiii L> #ftlH£<0%t,«ft(i:Xa-r& 

x^il/^-oJtr-^jffiS^T'tDx^yU^-a**^* 

t\ 

[0 0 0 8] MIC HKWSfixii^lcti, 7t¥^«tW^ 

gcD>gfifis??ttfe^T^^6^y. 9«sa»c?s 
g*MSTT^ft«>. z. <D : &mmi:temicjiZ->\'* : -m9i 

tfA^Cft^, $fc. Ga A sliSgaV^JziVlcitgrr 



3 ofseu:T**y, ^/cm^ B B B s«^**^pge,n^ 

fc46)At5ftSg3lCli|p]^ft^ 0 G a A s ttSJ£lf£S!¥ 

£>„ CKD/c^gziT. h<DS illcGaAsaMT^ 
S6fl s SS*6nTt'»S^ ^yWMtcliS itGaAs 

at^^s^-rcttciifteftt^ $ft. ^p/sstf 

[0 0 0 9] $/c. ^>fA*iili:LT*liI^I/*- 

■Xm&&Z> 0 EK. ^ti^£D|?®TIE7L<i:«?tl±Bie 
^tcioT^ar^gA^yv £ ©/cyclic ©J?® 

^^ic^^L^-tlft^ofto 
[ooi o] £fc. T^ci^yT^mit^vziyit, $g 

US i^GaAs IdfO!^?* •> 7°^* < » vimW 
©*»x*.;l/=£— X"?? h/Hc t feyja-^< toox ££JI 
S i lcJ:b^AWffliJ<Dq6iR*(^^ < . qSiKJI^<!:?ttC4 
0 0 ~ 5 0 0 n m<Dmm&&%imitiS, < , 2?K*PIiia* 
XJfc/U*-©** ftgi5#£ ^to^^^W^iKiRT^ 

'&\vm.ft& y » ^nfflMft b^uTcD*^©.^ 

[0 0 1 1 ] 

£?2>o *&mi*. fi37h7\ ^%*T^y. 
[0 0 12] 

< 1 > ^^S*g±lc, 'i>ft < £ t, A I , GaMl 
nfrSoiHR3-ft* 1 J-X±«)7c«tg»^*i:A^6ft«S 

LTB02. Ltz £ £ ^Wit. T ^*^f**^T^§ 0 
<2> Bij|Bfb^t!3¥*f*@*\ 7K*Stf/X«/Nny 
>tc^:&0. 1 ~4 0 a t om%^W"r^B01B< 1 >IC 
IES<D¥3Stt*^T35£o 

<3> BulB¥SflsS^pS©e^M^L. 6^0, 



<4> fiijlB¥*f*S«^nMcoeWS^^U fro, 
13iBfl;£*¥3MWi#» Be. Mg, Ca, ZnRtfS 
r frSjiJfl;*- ft3 1 J-XJr«D7t*^#W"r^BulB< 1 >X 

(*< 2 >izmm.(omm^m^^>^ a 

<5> fijIB^ttS^fr, v'J=iVfr6&;5a5lS< 1 

<6> luB->';n>3f)\ ^ B B ->^X ^ b b b->'J=i 
X WSJI5"jax Xti^ B B B «-> l >'=]>T^^ B ulB< 
5 >lCf3ttO)¥«1*ift^T$>3o 
<7> BuB¥3H*S«jb\ JS»MS*lcfcH*;5iii Afi£ 
7i^^e3S»??n^ 1 &.±<D5imt. PJSlZf/JUtA s 
£fr6££f5ffi< 1 >frS<4><D^TttfrtCl3tg<D¥ 

<8> iuf3¥^f*g«fr, C u *#fe*)jU37M^'f 
h^b^^e^^BulB< 1 >fr£><4>(D^-ftimc 

[ooi3] < 9 > mmm&m&titswmm&m 
tnmfc. i n^ts^mm^r^>mE< i >fre>< 

<10> n^tE c P?SSt)\ I nlg©S65^iSi©lfr 

< 1 1 > SulB I n;lK<DJt&3*S£fc<DJi>b\ K<D\M 
JsmcfafriT I n;lJgfrfg<&oTt^BufB<1 0> 

< 1 2 > i|ijf3fb£fe¥*«f Stf^Jifr. *t\? 
ft. C, Si, G eMS nfrSjii^ftS 1 W±<D7t 

fro. ituiB^JIlc^ft^BulBTtS^ajg 
fr. BuIB^b^*!3¥#f*^Cc#^ ti^MI37t;^o?;S)S J: y 
ffil^MIB<9>fr'=>< 1 1 ><7>l^"ftfrlCi3K<D¥agt* 

< 1 3 > gut3<b^¥igWi&tf ^KJifr. ^-ft^" 
ft. Be, Mg, Ca, Z n&tfS r fr e>jlJR;*-ft;g> 1 
i-:X±<D7cSi£#*, fro. mjIBtfF^Slc^^tl^BtiiaTC 

mm* yfiL^BuiB< 9 >fre< 1 1 ><*>i^-rftfric!e»i 

<i4> mzitsvD^mwmTkzfpmmtf. 6oo°c 
i-xTTf^?n^>Bui3< 9 >frs< 1 3 xDi^-rnfrK 

t3«<D¥*«*FT'£S 0 

[0 0 14] < 1 5> ¥2S<*S*5±tC ffifSiCfrA I 
X Ga Y l nzNWP«3-nsaibft3R<t$«*SW**dW 
T5ftS**WMI*SL. f£X. Y, Z&tfWteSSfiE 
ifc£SU 0. 8 g (X + Y + Z) /W^1. 2. fr 
O. 0. 1^Z/ (X + Y + Z) ^1. 0&7&Tc?£t 

<16> g&±tc. HfiJ$5£frA IxiGa 



mwm&zomicmL.. scibx 1 , y 1 msz 1 itmm 

£t£SL. 0. 6^Z1/ (X1+Y1+Z1) ^1. 
OWcL MIBX2, Y 2St>'Z 2 liiSSfiEJt^SU 
0^Z2/ (X2 + Y2 + Z2) ^0. 9£3tfcU fr 
O. Z1SU-'Z2frZ2^Z1^^/crci:^^SIt<i;-r 

[0015] Mic i9iaaw*»a-r*fci6<o#«w:v 

J-XT(D««fr» ^ Ll\ 

< 1 7 > ituI3¥#f**1£fr. U ^ >fr 6£3ii5 
IB<1 5>lclBffi£0^11}ttT s S«„ 

<18> |y|Bfb^*^(*/ifrx 7K«^^W-r^BulB 

< 1 5 >37Ji< 1 7 >lclBtt£0*^m;ttT^^» 

< 1 9 > 3tAMffl"JlC[R]fr ^T3t¥=Pt 7fr*5- < & 
£J:aiC. »£-hlC. ffi|3fk$Kj¥»«:JB*«fc2W± 

©fb$»¥tiMWB«*u fro. mmfa(»fcmm.£.m 

< i 6 >tciBK<D*nmjteT-s^ <) 

< 2 0 > gylBSffifrJealv' 'J =1 >fr £&2>Bui3< 1 6 
>X«<1 9>lCl3t£^*^«5ftT-fe^„ 

<2 1> iluf3<bl^%l¥>S{*JIfr. 7jc^^#Wr^tul3 
<16X < 1 9>Stf<2 0 XDl^-rnfrlClBtEO)*: 

[0 0 16] 

mwommwim] ^Bmcoi^TPsauciafyi 

ic. '>£<<h^b^¥*Wf£WL.. Mtc#glcfSL: 
[0 0 17] (¥^<*»S) *^Tm^6ft*S« 

¥m&mmT&nimic%>mitt^tj\ ->y=i>s 

Jg|ffl*»c*5lt^lllA)^7tSfr6jStR*ti^i J.X 
±<E>7cilt<!:. PRDVXliA s tfr6^?»a«, Cu? 
«fcajHJ/t-f^-f h&{b£^fr6&£6*&fr#£L.< 

»ttT»*t>T*»J:i\, S5f3->y=)>gl££:LTli. S^b 

s/yax ^ a a a yijax jases^y^x 
uavf^ifen^ £/c. BijiB^^aicfont-g.ii 

I ASOTiSfr 63SiRT*-ft£ 1 JW±W7t«t. 
ttAstfrS^-5S*5«tLT(i. flliLtf, G a A s , G 
a A I As, GaAlP, GaP, AIGaP, In 
P, InGaP, InAI PUfr^tf^ft^o dtxfeJ: 

Sfi^lCjao^^dtfrT^^o $fc. hTjIBCu^ 

c-^^n/w^-r h-^b^fre^^Stet lt«. C>J 

^.(f. CulnSe2, CulnS2v CuGaSe2. 
C u I n G a S e2f ©pS«*^AV7-< h-fb^14) 
^itt^fflT^CitfT'JS. MIC CdS, CdS 
e, CdT em<D\\-VUt£;VD¥mte*mm?ZZ£. ! $> 



[0018] «bd»¥3M*s) mmit-svn^mwrn 
it. a^b*»fb^tt¥3M*«$*L. »c#sk*&i; 

SuiB<b^*b¥W#«»s LTCDSiy£*rrs„ E 
LT» ¥IW*»d*«*pIliBft»T?*oT» fro* 
i2iia-r^^<!:lcj;oT. Sab*ft¥8ttS?S?« * E £ 

[0019] BuiB^b^^^sicii, fivaititwr 

it. *mm±v%n7&(Dmw\,c£niz>&mw^ [004 
9] ~ [0054] £mm?&z>o m^. pmw^mw 

S/T»tC, Si, GeJ&ZfSnfre>mtR-£tl%1&L±<D 
Sf»fBe, Mg, Ca. Z n»tfS r 3b^6SS?*n* 

y . «A&£isif^a0>ib£ife¥*ttJi£ttaB p 
it n §y <D*mi*mR tomic *r zzt 

it. a i si^/xiiG a tmrntfrstezmivtomt-s 

t5Ctt?$5„ HlA«i7cilS©fflJ«lt©$tK5:J*r 
3 I ntommikit. 0< I n/ (AI+Ga+ln) < 
0. 1 tOiSHT'tKfeUo 

[0 0 2 0] E£D<fcdtC. ¥«f*S«£<bd1to¥*1*JB 

A8tt<l*ftgJft3rti«C£(c<J:oT. ¥3lttS«<Df?E 
ic I*aib1feft1bafe¥«tt<>!>£&8jfi L 6 
Ktofc3£i^£5fRtt?3tt3U::W« Citf 

pS»¥«f*fflfitnSifb^*^f*St©BHci4. flS 

tt&espsy-h lt i ga©¥3»«««^ i s«o<b^*¥s» 

[002 1]«Atf, pSi/'j3>HSfc»LT. nl 
A I xiG ayiN/n+^A I X2G aY2N, iSAIxiG 
ayiN/n^A I X2G ay2N, n S^G a Y1 N/ n +MG 



(X x YRtfZtt, «J«it*«To ) #pTffi?&y. * 
/i:7iil/ = l^l/*-tfif$©l*;b*-<!:©^ 

*<T*E<!;;b>T***„ *fc, nfi->ya>l 

t^lcMLTv i ^GaY1 I nziN/piyGaY2 I n 
Z2N, pSG a Y1 I nzi N/p+^G a Y2 I nz2N. p 
^G ayi I nziN/pSJG aY2N- p^GayilnziN 
/p+^A I X2GaY2NH««nr^T*«y, EWCfcy. 

CtS<, fro— £ft©rtgP^tffla$*nS7i4&. P3 

«$^e B B ->y=i>. ^$gei->y=i>x #w*>ya>, g 

a As. GaP, *yH3/\V^-f h3Hc*tLT i fc>EI«& 

[0 0 2 2] BSpftbdtt^WttJI (Cfcfc* tKXSU/XU 
/\P'ir>5i;f ^0. 1~40a t om'/cftit^ot 
tfT***. HHB*SP#S«±<Da<b*3R^b^»*5W*: 

tt» ¥ttA« MAS. tt£A. *tea©t>-r*iTt>«fct^ 
l*/fc»» ibdtt^SW^a+lCTkJR^/xayvjislEWlcfe 

¥m&m'pfc-ah,tmmii?z>rcit>\at. f&mv&nm 

£ a*4&T* 6 0 0 °CJi(T<0® ST'ff tons e <h tf»f L 

•y ^jtM* < * y , «nfc3fc«*H5tt* e t # t* 
+ *y>$r (hfs) ju.tyiftWfitautrsct^T 

[0 0 2 3] BMlBa^b^fb^^Sifttt, ^AKT«> 
AS « t^tt^tefi T-t «fc t\ & A$f i££a&3l" 

jjStf^TftU. y>^"«a>0#r/\*^->T-«:<, StA, 

0 tt<3Dt,«D, * fc X MUSMrTO— ■oo^m^isimm^.W 
<D&I£<D8 Oo/oJ-X-h^i&ftTt^taD^mLTt^So 

[0024] &<Dfe(Dm) izmmnttmtomttisv 
srttsuifl!)T©*aw*s«<offl£Jiffl"Pffton*fc 

46, ±B§3t<Z>Sfc&C> 5 0 0 n mj: yS»^<05t»iJl© 
3t»6^ti)!in-rn«7 , 6tt3iE ( I s c ) litilJOTSo -2d> 



t, torn* <m%Lm<DXj:*>\,¥-zmnji*ii'#-iz 

[0 0 2 5] d<DB5, ±Kp^cD¥»f*»^lC)»>tLT 

lis sen * 3 iMims&tofb^^tfcs&tw n ji k 

it. nSfi*tt^^rc, Si. GeRtfSn^e»K 

SlEtt. pififtt^tBe, Mg, Ca, Z n&tf 
S r fr6a«3-n* 1 U±<Dtc3RO K— 7a«MtU 
3t^> •> ytD^fbt t iib = x*;U*-££{b 

lEli. ^ffiJUc K-7*ft5C, Si, GeSl/Snfr 
SSJR^ttS 1 J-X±©7C*. «3l«Be, Mg, C 
a , Z nM'S r frbiSJRi-ftS 1 J.X±<D7c*«u 

[0026] *#gB^¥^i**^i> «a?-rs*^m>ft 

(DS^>* (KiSS^ [0055] ~ [0 0 6 2] ) <h 
l**?te£tt*fb^^f«i;&tf*IBJiU\ 6 0 o°c 

»*3trflaBH©*s««-p* < » y o^maic 

[0 0 2 7] [*RIS>lfi] 

-mi<D5m- 

[0028] (¥*1*Sfi) m 1 <0«*©*H«»lcfi 



»ji±ic, eav-ynxosits^jau $£s->y=i> 

3L nl. pnil, n p«Wfl^m7*9Tt* 

t\ *>y3>«ft©ffi*ffitt, doo) v di 

OK (Ill) WMTiCttfWS. ->'J3> 
-> 'j3VliOf*li, ififB4 0 jumfr6 1 mmlST' 
[0029] jSft->y3>©3tt^=Plryyf41. leV 

?*y. *idw*i i oonmiEffl^-rs/i:«). yaaa* 

5WC Tii 5 0-30 o/oJ-XTlEffiT-TS, COfcttsfcHI 
«»©*ab*fb*B*fca&u:t*. zoym^^WPT 

[0 0 3 0] (fbSM¥WM) »i 
tEfcl^Tttu fb^^*»stimji«ijg««: LTl^. 

G a y I nzNw?«S-n*aibtt3R4b^ft¥SW**$* 
T«fl:£%¥Wtfl«ffU KX, Y, Z&tfWteSSfiK 
Jt£SU 0. 8 ^ (X + Y + Z) /W^l. 2. 
■3. 0. I^Z/ (X + Y + Z) ^1. 0^mtctZ.t. 

[0031] mMt-gyD^mwmi*. mma.&A. i xg 

a y • nzNw*ea*ft*3<b*SHb^»iNW****i 

u n mmTtm) om&tkictiTZA u Ga, si>* 

I nc7>$SJ5Elt<7>£fK HP-^ (X + Y + Z) /WcDffift^ 
0. 8~1. 2T*afe*Jli:3« i eE^T»*y. 0. 9~1. 
1 W5C£#«fcy»*Lt\, (X + Y + Z) /WtD^il 

*>o. 8*3g«sLMii. 2^m^t. m-snzmw 
[oo3 2] g.fc, aiB<b^**aw*Jitc$**ti-5a 

3*T5! nW^figlt, Z/ (X + Y + Z) Ofltf 

0. 1~1. OT'^SCtft^^T^yv 0. 15- 
0. 9T'^-5C<»:tf ? «ty»*Lv.\ Z/ (X + Y + Z) 
CDfflfi^O. qTffi^lE^L^^ftU. 

m&fttTZft. A I -^Ga^^A,Tt^35:<Tt.«fetv 

[0 0 3 3] *5g^lEfct^Tli. 3%iS«A«£<DStt0 
McHttfi: y J: 5 7<f F/«> K*> 3^ 



m?Llf. I n N (0%^drV vZf\t\. 9 e V 
U 6 5 0 nmlCtBMaTSo I n NOJli^tCli. ±RIftCD 

y 7ffch* < 2 7 %<Dm&tteV „ q8JKLfc±|5§ 

^^lcm73lc^T^/c46lCli. I nNJ:U«¥*v 
•v 7©**C*Bfb*SMb^¥JM*£ffifliT*C £*Mf 

[0 0 3 4] -SS2©««J- 

[0035] (sis) m 2 <D&&(D±mnMi:33iiz>m 

LTfflO £ tlT^5Sf3Rii5EP«DS«^ffl-r £ £ <!: ffT* 

tS-hleMHc, £A->y 3*fttt¥>5 

[0 0 3 6] «b£ft¥*i*JI) 
HuiBS*g±lc. '>&<<ht. Sifig^A IxiGayi I n 

zi NiTP**n5a<b*3R^*waiw**#=&-r*s i 

CD<b^!l¥3H*Jf . StfiSSffcittfA I X2G aY2 I n Z 2N 

svn^mitrnzznimi^u Suiax 1, yi sr>z 1 

ttSiffcit^aU 0. 6^Z1/ (X1+Y1+Z1) 
^ 1 . 0«/cU BUIBX2, Y2&tfZ 2li£iJ?Ei±£ 
IU 0^Z2/ (X2 + Y2 + Z2) ^0. 9 £3Sfc 
U Jb^X ZlRO : Z2A<Z2^Z1^3Sfcri:<!:^!t# 

[0037] mibm i (Dit-syD^mtemit. wmmmz 

ifiuMWlcRW-StU iiulB!g2<D<b£*B¥*f*Jfl;l\ MIB 
Jg10Mb£^¥J?IWI±T;fcoT. MIBS«^6iHnfc 

It. SfiE&tfA I xiGa Y 1 I nziNwiTS^tl^Mfb^ 

swb#tt*9H**#*i Ls mi Am9bM(ommtt.(D^ 

iCttTZ I rKDSfifdtltx ill-e. Z1/ (X1+Y1+Z 
1) (DfiltfO. 6~1. OT&ZZttf&WT&V. 
0. 7~0. 9T'^SCl<!:/j s J:y»*Lt\ Z1/ (X 
1+Y1+Z1) (DmtfO. 6*1165^ ft^=£-V 

B5fBiC^3Sfc-r/c46icii, taia^biSB^ik^^^ 

<T*»«fct\, 

[0 0 3 8] 3: ft. 1g2<Dfb&*fo¥»<*jlli. $§J5ExCtf 
A I X2G ay 2 I n Z2Nw2^*tl^.^b*!a^b^*S 
{*£#SU III M$i7tm<DMl&it<D-£mcZI?Z I n 
cDSSfiKtfc. IPS. Z2/ (X2 + Y2 + Z2) OfiltfO 
~o. 9?£3C££ ( &£'?a>y« 0~0. 8T'$5C 



0. 9£jg*.-5<b. IS 1 £0<b^*^f*^O7 1 6^=t ; > v 

fis fulfils i cof b^¥«ttBlc^W? tt*S<b*!o&fb 

[0 0 3 9] Jg1 CDfb^tto^WitC^WJtt* 

Sfb»IR<b^ft***Wc«iW-5 I nCDSBJ&tb (ZD 

t. S2©fb^**an*JBic*6*n*»b«i*^b#i* 

¥I»t:£lt5 I n(0$lfi)6ht (Z2) tli, Z2SZ1 
©M^jSI/i:T^<»:3b^gT^^o Z1MZ26\ Z 

[0 0 4 0] ->'jn>S*5±lC <b#«¥»«Wi* 1 )■ 
ff*J5£ L/cH^tCli. 400~600n m<Dlit^^lSE 

mtem*2m&L±nmTz>ztt)i<i:v&3iLi\ zLom 
5ic, •(b^*^M=&ia^'r«^^icj:y, mmhm 
sg i <Dit^*mwm±icmE&2(DiteiVDmmtemz 

[004 1] MiBSi 1 (DMWBilfm 2 <D&BR<D±m i W. : fc 
?\ 5>+f7*- K/t?*****' J>f (RBS) . - 

* ymm.^mm^m^x autr * ^ <t ^Tt So 

<BU -^**|p)=&x-y^>^L^!b>S^#r^rS^lc 
li> III A^RiiBmttDX^^V^iaS^S^S/c 

[0042] S5IB^ 1 (DSPflRU-'gl 2 «D|gB^£D*:[lffi>ft 
lCj5L N Tx ib^!fe*«i*eiiv 5 0 a t o m%J.XT<0* 

-< KP->"i>7*7-HX+tf (HFS) (C<fe 
[0043] HiJIBm 1 (DftWRlfgi 2 (D&mttmmte 

st>« 6 XikZiwftifr 1 y » E75{utf 1 as 



mtfiTlt 1 O£0®^<£)!)\ lStf£f*CD&jt<D8 0%J-X± 

[0044] toiBm 1 cdsbssu^ 2 <Dmw±mnm 

f 31b£%)¥»ttJI<De>*5y<h 3^S^^ C <h L 
5C!:ftW$Ll\ d <D<fc 5 icT^e: tic J; oT> Ste 

ftfiWSd: LT i S©S*5-^> i §ytfMb^t$5¥tSWf £1£ 
[0 0 4 5] $fc. ^2©|gB^(D±ll«;tetCfc^T. ¥ 

p nS£DB«lc5*LTtip n Jg^^J#o/cfb^*aS<* 
Jt£. n p^cDS^tc^LTlin p^=&J#ofdk^«3 

£8^i mm<oit^m^mwm<D±iz, miz\ nig© 
tmtE2mmMt£VD¥mi*m£<DF£iz. i nmm&c 
[0 0 4 6] m+%mm&mmw*&^it^;W*mwm 

^TS^tfifeSo d(D/c<S6W®T<D K-e>^"*'x© 

[0 0 4 7] $/c. Sr£& r->3-;l/&£<h&£&l^ii£ 
Kli* •fb^¥^i*^0)P^lcBg6^^LTL^5o C 

v roaatumv mif. ^^>-y^swi (ft 

A»#J) lc*$-<T3ii£lcli, 7Ul/5i^^-i 

SSte^e^StS^^G^co^b^**^^ 
IStt. ^-<Djl±lCib^¥^fls:B : &7tcOAtt«iJlC7 , 6^^ 



[0 0 4 8] glj^l pS/SffilcttLT, n^Gayil 
n zi N/n + 12G a Y2 ' n Z2N-£ > , i SJG a Y1 I nzi N 
/nSGaY2l nz2N^ nSGayi I nziN/n + §y 
Gay2N^ n^G ayi I nziN/n + SA I X2GaY2 

tf. n§yS«U:*tLT. i^Gayi I nziN/p^Ga 
Y2 I nz2N^P>» pSG ayi I nziN/p + 5i!G aY2 ' n 
Z2N-W pSG aYI I nziN/p^G aY2N-¥>s pSG 
aYI I nziN/p+^A I X2C5aY2N#CDiSS*--&-t±^pT 
f&Tifcy. C<D£5lCf ^CtlCcfcoT^V^AtgiiT- 
fc y e>. *ft^ft<^b^¥#wi wa^My 

[0049] buIcSS 1 <D£BB&tf 31 2 <D5£fE<7>*PiSjte 

«otjie*$ t? * t^wo t l. t *> <t lsu * ic 

§ALTt<tl/\ SfctaESaftJWb&fcfcEIISlcSIA 

[0 0 5 0] n^fflO)^*<»:LTliv I Ai (IUPA 

Li, IBi(IU P ACtD1989^»^fb^^;i«tlT 
RlilCcfc^SlS^-til 1) COCu, AgMAu, IIASt 
( I U P AC(D1989^m^S;i*flKSlCcfc«,)^S 
#1*2) fDMg. IIBJ5S ( I U P AC<D1989^^<b^ 
^S;^iTI!5lcJ:^]@lS^i1 2) ©Zn> IVASl (I 

u p bQmw^mmit^^mmmz&^im^z 

14) (DC, Si. Ge, S n&tfP b. VIASi ( I U 
P A C W1989^^b^«>>£^nitSlcJ:^^S#ti 1 
6) <D5, SeMTe5ffl^C:t6^$5. tpTt 
C. Si, GeJkZfSnfi<mmmmm&(D&fr<E>& 

[00 5 1] p§yfS£>raP§<hLTl;J\ I AS^OL i . N 
aRtfK, IBJ^WCu, Ag&tfAu. IIA)K©B 
e. Mg, Ca, Sr. BaRtfRa. IIBjKWZn, 
CdSl/Hg. IVA]Bt£DC, Si. Ge. SnMP 
b. (I UPAC©1989^<S«|<b^S5SejflTKg 

lC<t^S#l*1 6) <7)S, S eStj-'Te, VIBSt ( I 
u P A C£Di989^»^b^S;*KITRfiti:<fc?))KS#li 

6) (DC r. Mo SOW. VMI]^<DF e ( I UP A CO) 
1989^&m^£;£^TJ£K 8) . Co 
( I U P AC(D1989^«Mb^«.>i*fIKfilC<t?.)gtS 
#1*9) . N i (I UPACW1989^te^b^«i^ES 
fimz£Z>mm^lfi 0) lf=£fflt^Ci:6-T^^o ^ 
TtBe, Mg. Ca. Z n St^ S r tfWftmWV&iW 



[0 0 5 3] £tc. m<P<D7limt)\ K-/\°> hlC^g-L 

> a vr sfc^Tkxs- k-/\*> h «t y t> 1 1 1 a 

Mffl<D5tM<h LTli. 1#U\ C. Si, GeM'Sntf 
»SL<, p£jB0>7c$£LT(i. t#lc. Be. Mg, 
Ca, ZnMSrftWSK, i 32ffl©7E^<!: LT 
li, 1ftC, Be, Mg, Ca, Z nStfS r L 

[0054] K-fcfV^tettnSffltLTti, Si 
H4. Si2H6. GeH4, G e F 4% S n H4?> pMfS 
<hLTti, BeH2, B e C I 2. BeC U> v"7P^ 

[0055] [±mwimmmj5>& *ic, 
T»wr *jb 1 aim 2 ©ssgtut-wieaj 13,1 

ftfck-*-4t. *ffiXZ> 0 

[0056] an jzum 2 (ofsm^mt-mss 1 3 % 

1 4tt. *ftWu £giILfioSl5S81<Og 

*iawiHciBBsnfcBistt<0536tt5. cine 

531^5, 6<DEJSS§1 £ttE»«fc«aT**fXWA 

^9. 1 ot*i?i4. k 1 ©iKsaefb-tties 1 3 
es* y srsgg 1 wpsse 5 tawr xsiaw 1 

©cp^535 i g5^MJlLT^^ 0 3: ft. S2©KSS14 
lk-flaSSl4TI4, □ ;fiSi!ll 8 <7>ttfo U iCiS 

S»=K/U7tf<»B**u SJa»=K;U7li53S«64> 
ttS lc $ ¥ tttt S tu Bft% L ft t ^/D aftftl&S lc 

[0 0 5 7] ^LT. Sl&tfS2©J5i8;Sttfl;-ttie 
813. 1 4(Di3XmX l S9. 10. 11, 1 2ligi?4 

sfte*ti^*i«ea-nT^«. Mie*x®A^i i. 1 



«5rtT»«*1±*. SIC «f««2t±H^L&^»« 
[0 0 5 8] cl^Slcfc-lNTv ajR7cjRjSt LT. i9J 

x«\ N2 ; &fflt^*x»Ae9^e.5^e5ic^A-r 

f 10*S, ft|7<.tfH2&E£B6U:9A-r%. JgJSsfc 
U S£*6rt(cSK*ft££-fr3. tt*£W©TaE« 

um« h y * ^i/*y 9/»^tfxsAf 1 2*y* 

AT^CttCfcoT. »ffi±lca<b«Py-7A<b^!Hs¥5i 

[0059] mm&mt 1 o o ~ e o o TSflrcss. 
c7)^a^'>ft^^icii^ a B B icft y -ptia, s«-sjs 

3 0 0°C«fc yfiLMg-^tCttl 1 1 AffiKf*#U<D3fe># 

'>ftt^^tc?ajg B B B <!:ftyw<. stEiUtf 3 o o°c 

* y gt^#tc(i 1 1 1 KWzM(nm^iS7.<0^sM.1^SA 

*. $fc. uneoti^nt^it «xiA«i 1 

[0 0 6 0] *fc. C, Si, G eSlfS n^SStR* 
tl« 1 W±<07C«:&#t>*"X. ^StHiBe. Mg, C 
a , Z n&y-'S r 6^5SJRxm* 1 W±t7)7c*^^t>** 
A*SW^IBfl!)TartB (A"A#AS1 1 Xti^X^Ae 
1 2) IfSiAnctlCtoTna p^HcoemcT) 
G*SSO#JHlXH:*!eilSL < (iSHcTMb^^Slte 

[0061] JzIB^BlciJ^TScmx^l/^-lcJ: y m 
cfc<, NH3tDd:5fta^?<5:7j<^^-<!i^:l5l^lC^ 

r. sts±ic»si£ib?nfi:iiiASi7cX<oR(-?. mm 
# B a B «gXtiS$S£ B !.!g:g l < ueafflRc^iar * c ^ # 



[0062] ±izmmic3sifz®u7£v±<t-mi&%i<D?£ 

£fdM&:7-f i 7./> Mc<fc 5 <fcc\, cnetii 

«*a"Pfflt v T'feJ:U k U 2fflJ.X-t£tftfBLT i t«fct\, 

cfclA, 1 OO^tCfe^T. 2«lX±<7);§ttifc:5>££ffl 
TtcfclA, irfcCftecDEEft^lH]— 

<t £ £ ic <fc o TStta^ibSax^i/^- 
<&7L2>Z.£1fT°1*. ZtUc£-3Tmn*&l'mTZ>Z£ 

U — f>?\ 'J/^x-f^h^-f, 
[0 0 6 3] S*5±lC|ijid!Lrc^ 

[0 0 6 4] S^lcSfc*b3Sfb£1Jj¥aM***«5ft£ 

&£?%„ 
[0 0 6 5] 

mmmi) : ,mLrzmy5tiL (i oo ©sm^a^o 

cm©plS i g*5£*;l,*-3l;:iE-feL »SW2*i> 
LTEfSSS 1 A«JE£»ai& t-^-4lcJ;ystg^ 
3 8 O'CtelinKiL/co N 2 *'X^m 1 0)J^P5S1t<k—K 
*ggp 1 3 (DJSxmAW 9 <fc y mm 2 5 mm©5e 5 F*9 
lt2000sccm#AU ^'r^P;fi?^ i B8^^L 
T2. 4 5GH z©^-<^P-»^ai^l2 5 OWlC-t-y h 
L^zL-^-^-y^V-J^lXy, tt«$frofc C4>B$ 
tOSIt^liOWT^o/Co — H 2 JiXZm20)&U 
gltft-' 1 4ff)tfXiAI1 0<fcyiS3 0mm 
©5Hf 6 [»3(c 5 0 0 s c c miALfc 13. 5 6M 
H z tDs^jSODdi^^ 1 0 OWlc-t y h Ltz 0 fctomt 
0 WT*oft 0 CflDttMTPS 1 flDHBBSSttft— fSSSgB 1 

3 ©»*x#Af i uuo -cT^&tr ftfc h y y */u# 
•Jr>Z» (TMGa) (Dm^mm^^^'jyij^tLT 



ilLTI s c cmiALfco tK^IRL/cv^V 
*1at om%tC&-5> c *:-5U:#AL/c„ C£D^/\^hP 
>n&iiZ*mm LttBUS&Mt 6 5 P a Tifcofco 
=&60^?Tt\ 0. IpmfflSi K-^*S1kG a Nf 

[0 0 6 6] Z\(DQ a NM(D^.mm^H F S (A-fK 

□ 5>x > • 7 * 9- k • x** 2 y ic* ysj^L 

«3. 2eVT\ 380nm,i:U#MB^lc2iSL 
d<D±lc^39mtt«<i^ I TO?A/\V'S'-T*i 

>ft<i: LTJBl/»fctl£, ftWjfc*.^ hM300~80 

0 n mT;l!l^ Lfci: C 3, S&fifr 6 4 00nm$T*i 
^xWi— 3T?&y. 360nmJ?Il^S5fU 
l^CttfWrjfe. ^SBS^JliO. 6VT'Sofco C 
WCli:li±IBS i K-7**1tGa NgtfS/ii: LTfl 

[0 0 6 7] (H«g«|2) l^figetjl <tl^)L:S*5^l<\ 
31 2 C7)^S14fk-1«$ga5 1 4 CD*J X'gA'g 1 2 <fe »J 2 
0°CT'«ftLft m*3 L )l7)\,= -'5L. (TMAI) £ 
GaKttLT1/5lC&£J:5lc#AL/cJ.Xi'Ui. llfiS 

mi trnmnxmcjiv. ni®s i H-77k«<kA i 

GaN§ mf&jUt. A lo.2Gao.8N) *pIS il 

mA I Ga NMtnxmisltfT/^-y^M^Lrct^^ 
7\^b b b<D (000 1) ffi^fiScfiLfcCii^to^-p/co d 

^ hvU=&3 0 0~8 0 0 nrnT-jftlSL/ctC?). 
)bS3 80 n mS T«^59tl*l±— l J, 3 4 0 n m 

-pfco JKDCtli±s3S i K--7**fl:A I GaNfff 

[0068] mmm 3 ) tifc®7D(s ( i 0 o ) 

(DpSGaAsSffi?ffll\ C105_tlC^fig«aj 2 <tl?l*IcD 
^;£tC<fey. n^CDS i K-^KXIbA I GaNl^ 

^m>3!EX^'5' h;b£3 0 0~8 0 OnmTfflSLftti: 
3, M>«fi^S 3 8 0 n m^T-MT^li— ^Tfey . 

icf urar * d t ftz-^&z. t. &t>t?-?tc 0 9tmm.tiit 

0. 7VT$o/co CltDCi:«±lBS i K-^7jcS<kA 

1 Ga Hmftmm£LZmKtzmm*GLT^2>Z.£* 

[0 0 6 9] (H)5Seij4) ymLtcV-^i3^X(0±^ 
Mo^X/\°^^CtJ:y 1 jimMU ^©±1^ |^]B$^ 
f^T*fi£Lft2 vmfl)^ B B a pSCu I nSe2lfi 

*mi\ z<D±izmmm2£mm<Dj3mc&v. ns© 



300~800n mT'iBt Ltc t£?>. 3 8 

0 n mfTl?«li-Sr$'J, 3 4 0 nmSTll 4 

^SCttftofr^fco 3te«73«0. 7V7*ofc, d 
CDCi(*±IBS i K— TftXffcA I GaNItflitL 
TfiftfcaigS* LTV* C fctiS LTC*. 
[0 0 7 0] (HSS0IJ5) SJE^Lfcffi^ffi (10 0) CD 

0 0 o acftng&L.7£o N2#**S 1 ©KSaiSMb— K» 
SP1 34>#>UIAV9<|:»JK&2 5mmtD5l5©5F«glc 
lOOOsccmfAU 8 fcfl-LT 

2. 4 5 GH z<D^-f ^PaS%ttJ*2 5 0WlCt7 h L 

StfaMiOWTfcofc. — 15. H 2 *'X^^2(Di^*4S 
14*b— WSSSn 4CD#X#A«1 0J:'JIl3 0mm(0 
6lf 6Wi:200sccmiAUc o 13. 5 6MH 
z <Djgg)&CD{iJ?3;£ 1 0 0 WlC-fe v h Lfco SM^li 0 

w t ^ o fc 0 £ i (Dmnysmt - msga* 1 3 

(DJSxmA'B 1 U'JO °CT{£Jf £ ttfc h U ^ ^U*J 'J 
(TMGa) CD^M^^^+i'UT'^XiLTffl 
L\ y\*7'J>^L'S:tf5?X7P-3> hP — ^— £51 
LT 1 s c c m^ALfco 2 0°CtC«Jf ^ftfc HJ 
WsWU (TM I n) flMK»:&B****y7'#X 
<t LT, S2^l4Stt<b-'W$ga51 4ffi*^Af1 
2<fcyo. 1 sccmiALfc. hP>M£ 
ItTffl^ L/cSJSIETJl* 6 5. 5PaT'fe-3fc J&fll^ 
6 0#*fL\ 0. 3/jmtf>Ga I n Nf (S<HWRffc# 
^¥»i*CDfflf&5£li, Ga 0 .8l n 0 .2N) ^pIS iS 

[007 1] C<DG a I n N Jf tDSS/5£=£ R B S (^+T7 
K • K*y 'J >•?) lc£VMl£LtziiZ. 

£fh BP'S (Ga+I n) /NOMilliO. 9 5TSo 
fcc $fc. IIIA)^^<Dlil^Jt<7)^fHcM-r«. I nCO 
mf&tt. SP"6 I n/ (Ga+ln) OfiliO. 2Tfco 
fco CCOJlC07t^^>-i'^'li2. 6eVT% Hiig&Sfc 
$ti3 0%llhT'So/c o CCOundopeWGa I n 
NflinST'S'J, COfc&^frtf, fillip IS ii« 
IdftLTnlGa I n Nf (SifiSiWi, Gao.8l no.2 

n) msmiztg-smziim^mfizftsr. &rc 

AMI. 0<D3t£S*sj*LTs t-JZJ^IIT* — ? 4 1 
4 0 B (tal/7hK7A- KttS) ICJ; y. 3tJeS73 
1#14^aiJ^Lfctc:^^Jg!S8!)^li1 5%T*»A ftigm 

[0072] 6 ) SSfcftl 5 t 111 Ug*££8§L\ 



mmmLfcis^yZ 1 0 0 0 p pmSJAL/ciXWi. n 

5 1 mmoismiz <fc y » pssi gjs±K n sic k 

-fciV^LfcG a I n N jf£fl*)5£L/co CICDG a I nN 

mommim&m 1 tmcT&o/co pis i ststctt 

LTniGa I nNi OSSfiEstte, Gao.8l no.2N) 

«£Lfc«^£T**frtClfii3§T*C CCD 
pIS ilffillCliUcnlGa I n NJf (DXfcilEljff 
/t^-veXUeLfc&C^ A73b b bC7> (0 00 1) ®# 
(S^Lfc^tffrfro/c,, A M 1 . 0 (Dyt&B&M LT. 

±tEtm i^bic et y 3"c^m73iti4^;iJ^ Ltctzzm. 

WtZhmt 1 7 %T£ y » 7t^«7Dli 1 . 5 V <kJ6>b s o 

[0073] (Hflg^j7) nfig^j5 tmcm^mi\ 
mmm stm cxm t-s«>sjs £ 4 0 0 x t u n 2 # 
x^sg 1 ©jscsse<b-«tteaj 1 3 ©^x^At 9 <* y 

US 2 5mmtD535g5(*3tC 1 0 0 0 s c cmlAU 

P;M*f 8^LT2. 4 5 GH zCD^-f-y-P 
&£Jii73 2 5 OWlC-fe y K L^i-^-T^-y^V^lX 
y. SW*ffofco C^WS^liOWT^ofco — 
15. H2X'*%m 2 C7)Il^;gttfb-«Seg|5 1 4 <E>#X*i 
A"g1 0«feygS3 0mmC7)65lg6F«glC2 0 0 sec 
mWALfcc 13. 5 6MH zCOS^IjSoaiTJ^I 0 0 
WK-fe-y t-L/co S^tiOWT-^ofco CWttHgTM 
1 CDM^iS^b—et^gB 1 3 CD^'X^A^ 1 1 <fc y 0 °C 
T^tt^tlfchyy^/U^y^A (TMGa) <tmM?k 
Ii?t+ l J7*'7(tLTfflL\ /^7U V^LfttfS? 
X7P-2VhD-5-?ILT 1 s c c milALfco 

— 2 o°cic«J$?n, *^pi?/?Lfc->7>^i oo 

OppmiALfch^^f/KV-^A (TM I n) O) 

1 4<DfixmA ! g 1 2 «fc y 2 s c c m^A L/c„ 
MIC «1fl!)SSStt<k-ttieSP1 3©^«Af1 1 
<fcy7j<i?t^fRL./cV7>£1 OOOppmfALfc, C 
(DB$/ h P >R3g|tT'i'JS LfcSfSJE73li 6 5. 5 P 
aT$^/c. Ii^6 0»ir^O. 3(jm£0nMGa I 
nNl (mtfimtGao.l I n 0 .7N) ?pIS i S*5± 

[0 0 7 4] dCDGa I n N JfCOIffl^ R B S (-7+f7 

if. EP15 (Ga+I n) /NOffitiO. 99T$oft 0 

it. ip-5 I n/ (G a+ I n) (DfiliO. 7T'ft'A 31c 
^^-t' -y ^1* 2 . leV Z°&-otzo 

[0075] m\.^T. m i <Di^sai£<b-«s&35 1 3© 

(TMGa) (Dl^m ; &^«:*-*'y7 T *X<»:LTra 



LTIscc mlALfe —13. 2 O'CiZUftt *lfc 

ij*7-i]/<f>wi* (tm i n) <Dm$L*mmz*v , j 

A«12J:U0. 5sccm|ALfc lie. I2fflg 
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